ABSTRACT. Among the fundamental concepts for structure control, passive control systems have a significant role since they do not require additional energies produced by actuator. The basic of passive control is to incorporate a secondary system into the primary structure in order to transfer a part of the vibration energy of the primary system int o the secondary one. In the paper the design of an optimal tuned mass damper (TMD) for a structure subjected to second order coloured noise excitation is investigated in order to minimize the sum of response mean squares of components of the primary system with a given ranking priority. ·
Introduction
Under environmental loading structures and machines may produc:e large undesired vibrations, which can reflect into their quality and durability. The use of tuned mass dampers (TMD) helps to reduce the undesired vibrations in the primary system.
A single form of TMD for structures and machines was first studied by Frahm (1909) for a single-degree-of-freedom system without damping in both the main and TMD systems. Then the theory of undamped and damped dynamic absorbers in the absence of damping in the main system was studied by Den Hartog (1928) . In his study, the basic principle and procedure for proper selection of absorber parameters were developed. The influent of light damping in the main system was investigated by Ioi and Ikeda (1978) by using numerical tools to determine the optimum values of natural frequency as well as damping ratio of TMD . The set of optimum parameters of TMD such as frequency ratio, damping ratio for specified values of the mass ratio and the main system damping ratio was tabulated by Warburton and Ayorinde, see e.g. Soong and Dargush (1997) . The investigation for some special vibration systems related to vibration absorbers was investigated by many authors such as Mitropolski, Dao (1994) In the paper, the selection of optimum TMD 's parameters for vibration systems subjected to second order coloured noise excitation is investigated. The main attention is given to the case of narrow band coloured noise. The well known result for the case of white noise, however, can be obtained as a particular case. The coloured noise is modeled in such a way that covers both narrow band and wide band spectral processes. The main dynamic characteristic of the TMD is selected based on minimizing the sum of response mean squares of components of the primary system . .
Second order coloured noise excitation
The second order coloured noise process p( t) is described as follow 3. Design of an optimum parameters of TMD 
Fig. 2. System under acceleration
The main system consists of n masses m 1 , m 2 , ... , mn put succeed one to another, each has its stiffness and damping coefficients denoted subsequently as k1, k2, ... , kn; ci, c 2 , .
•. , en: The system is subjected to a ground excitation modeled by a second order coloured noise. To suppress undesired large vibrations of the main system, a TMD of mass m 0 is connected to the mass mn (see Figure 2 ). Stiffness and damping coefficients of TMD are ko, Co · The equations of motion for the structure with TMD are described by the system of linear differential equations as follows
where Mis the (n + 1) x (n + 1) mass matrix, X(t) is the (n + 1) x 1 displacement vector of the structure system relative to its base. C, Kare (n+l) x (n+l) damping and stiffness matrices, respectively 
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The base excitation force is , (o , (1, . .. , (n, µo , 1, µ2, . .. , µn , h, O", f2), i = 1, . . . , n. The ratio k represents the effect of TMD , when k < 1 the TMD has good effect and when k > 1 it has bad effect. Substitute (3.12) , (3.13) , (3.15), (3.16) into 
Numerical study
This part of the paper investigates the effects of TMD for two-degree-of-freedom systems subjected to second order coloured noise excitation using numerical method.
Consider a particular vibration structural system described in figure 3 .
It is assumed that the system is subjected to ground acceleration -jj(t) = p(t).
This excitation is considered as the second order colored noise excitation described in equation (2. Fig. 3 . Model of two-degree-of-freedom system with TMD Function rp indicated in equation (3.11) can be taken as follow:
Substitute (4.2), (4.3) into (3.10) , we can obtain 36 equations. The equation system can be solved using MAPLE V.4 to find out unknowns (4.4)
In case of structure without TMD, the equations of motion can be described as follow Calculating the optimum parameters of TMD, we find out kmin = 0.35 at w 0 = 29.25 , ( 0 = 0.026. It is clearly that when the primary system is incorporated to · TMD with appropriate parameters, the response performance index k is decreased about one third. In case the parameters of TMD are not selected properly, the use of TMD causes the system vibrate more strongly, for example, at w 0 = 36 .6; ( 0 = 0.001 one has k = 1.38.
In order to illustrate the above calculated results , the vibration of the system is simulated using software SIMULINK in three cases: without TMD, with optimum TMD and with inappropriate TMD. The simulink diagram is described in Figure 5 .
From Figure 6 , we can see that with appropriate TMD, the displacement of mass m 1 is decreased approximately 403, however when selecting wrong parameters of TMD as seen in Figure 7 , the displacement x 1 is much increased. The structure is subjected to excitation described by equation (2.2)
and h --t oo. As studied in part 2, when h --t oo, the excitation p(t) is turned into white noise process. The above result was discovered by Warburton in 1982 when considered structure without damper subjected to white noise excitation.
Conclusions
There have been many papers investigating the effect of TMD in structural systems for vibration control. This paper' presents a procedure for selecting a set of parameters of TMD to minimize sum of mean square of response components with given ranking priority for multi-degree-of-freedom systems.
The numerical study is then investigated for given parameters of primary system and excitation. The re' sult shows that with optimum parameters of TMD , the effectiveness of optimal TMD is very good, however the use of TMD with inappropriate parameters may produce bad effect for the vibration system. This calculation is verified by running simulation using software SIMULINK of MATLAB R12 .
